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VWDQGRII GLVWDQFH IROORZHG E\ WKH PDWHULDO ZKLFK FDQ SRVVHVV JUHDW UHVLVWDQFH WR LPSDFW ORDGLQJ $V IRUPHU
SURYLVLRQFDQQRWEHIXOILOOHGDWDOOVLWHVODWHUSURYLVLRQFDQEHSURYLGHGE\QHZKLWHFKPDWHULDOVVXFKDVXOWUDKLJK
SHUIRUPDQFH ILEHU UHLQIRUFHGFRQFUHWH 8+3)5&8+3)5&KDVRXWVWDQGLQJPDWHULDOFKDUDFWHULVWLFVVXFKDV VHOI
FRQVROLGDWLQJ ZRUNDELOLW\ YHU\ KLJK PHFKDQLFDO SURSHUWLHV DQG ORZ SHUPHDELOLW\ ZKLFK UHVXOWV LQ H[FHOOHQW












VLPXODWH KLJKVSHHG ORZZHLJKW SURMHFWLOHVZKLFK FRXOGEH IRUPHGE\ WKH LQGXVWULDO DFFLGHQWV RU DV DQH[SORVLRQ
JHQHUDWHGIUDJPHQWV
0DWHULDOV
7KH 8+3)5& PL[WXUH ZDV GHYHORSHG IURP WKH FRPPRQO\ DYDLODEOH FRPSRQHQWV ZLWKRXW XVLQJ DQ\ VSHFLDO
FXULQJVXFKDVKHDWRUSUHVVXUH,QDGGLWLRQWKHPL[WXUHZDVGHYHORSHGXVLQJVWDQGDUGODERUDWRU\HTXLSPHQWVXFKDV
IRRGW\SH DQG KRUL]RQWDOSDQPL[HUV+LJKVWUHQJWK VWUDLJKW ILEHUV 03DZHUH XVHG WR FRQVWUXFW 8+3)5&
VODEV)LEHUVZHUHPPORQJZLWKGLDPHWHURIPPZKLFKGHWHUPLQHVWKHDVSHFWUDWLROGWREH8+3)5&
VODEVZHUHWHVWHGRQGHIRUPDEOHSURMHFWLOHLPSDFWLQRUGHUWRILQGDQRSWLPDO ILEHUFRQWHQW,QWKLVZD\VODEVZLWK
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&RPSUHVVLYHVWUHQJWK>03D@  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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  
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,Q DGGLWLRQ VODEV PDGH RI 1RUPDO 6WUHQJWK &RQFUHWH 16& DQG )LEHU 5HLQIRUFHG &RQFUHWH )5& ZHUH
VXEMHFWHGWRWKHGHIRUPDEOHSURMHFWLOHLPSDFWDVZHOO)5&VODEVZHUHFRQVWUXFWHGXVLQJPD[LPDODJJUHJDWHVL]HRI
PPDQGKLJK WHQVLOH 03DVWHHO ILEHUV WKDWZHUHPPORQJZLWKDVSHFW UDWLRHTXDO WR)LEHUVXVHGIRU
)5&PL[WXUHKDGKRRNHGHQGVWKDWDUHJHQHUDOO\FRQVLGHUHGDVEHVWIRUPRIDQFKRUDJH 7KHILEHUFRQWHQWLQ)5&









PP $V WKH SUHVHQFH RI UHLQIRUFLQJ EDUV KDV QHJOLJLEOH HIIHFW RQ SHUIRUDWLRQ UHVLVWDQFH RI WKH VODEV >@ QR
UHLQIRUFLQJEDUVZHUHXWLOL]HGWRFRQVWUXFWWKHVSHFLPHQV,PSDFWZDVVLPXODWHGDVDKLWRIGHIRUPDEOHRJLYHQRVH
SURMHFWLOH 'LVWDQFH WR WKH VODE ZDV PHWHUV DQG PX]]OH YHORFLW\ ZDV PHDVXUHG ZLWK D VKRRWLQJ FKURQRJUDSK
ORFDWHGDSSUR[LPDWHO\PHWHUVIURPWKHJXQPX]]OH)LJD7KHZHLJKWRIWKHSURMHFWLOHZDVJUDLQVJ

















7KH UHVXOWV RI WKH LPSDFW WHVWV LQFOXGLQJ UHVSRQVH W\SH FUDWHU GLDPHWHU SHQHWUDWLRQ GHSWK DQG PDVV ORVV DUH
SUHVHQWHG LQ WKH 7DEOH  9DOXHV OLVWHG LQ 7DEOH  ZHUH GHWHUPLQHG DV DQ DYHUDJH YDOXH IURP WZR VSHFLPHQV
5HVSRQVH W\SH ZDV FODVVLILHG LQ DFFRUGDQFH ZLWK WKH FRQYHQWLRQ XVHG LQ 9RVVRXJKL >@ DV SHUIRUDWHG  3 WKH
SURMHFWLOHSDVVHG WKURXJK WKH VSHFLPHQHQWLUHO\SHUIRUDWLRQ OLPLW 3/SURMHFWLOHZDVVWXFNSHUIRUDWHGDQG WKHQ
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7DEOH5HVSRQVHRIPPWKLFNVODEVWRLPSDFWORDGLQJ
 8+3& 8+3)5& 8+3)5& 8+3)5& 16& )5&
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5HVSRQVHW\SH 3 83 83 83 3 3
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3HQHWUDWLRQGHSWK>PP@      




ILEHUV LQFUHDVHG IURP  WR  DQG  UHVSHFWLYHO\ 7KHUHIRUH LW LV HYLGHQW WKDW LQFUHDVLQJ WKH ILEHU FRQWHQW
EH\RQGKDVRQO\PLQRUHIIHFWRQSHQHWUDWLRQGHSWK7KHFUDWHUGLDPHWHUV LQ8+3)5&PL[WXUHVZHUH
VPDOOHUWKDQWKRVHLQSODLQ8+3&PL[WXUHVLHRIILEHUV7KHUHVXOWVVKRZHGWKDWWKHLPSOHPHQWDWLRQRIILEHUV
UHGXFHG WKHFUDWHUGLDPHWHUVLJQLILFDQWO\KRZHYHU LQFUHDVHRI ILEHUFRQWHQWEH\RQGE\YROXPHKDGQRIXUWKHU
HIIHFWRQFUDWHUGLDPHWHU
16& VSHFLPHQZDV SHUIRUDWHG HQWLUHO\ DQG LQ DGGLWLRQ YHUWLFDOPDFURFUDFN SURSDJDWHG WKURXJK WKH VSHFLPHQ









8+3)5& VODEV WHQG WR GHFUHDVH WKH FUDWHU GLDPHWHUV E\  WR  WKDQ WKHLU SODLQ 8+3& FRXQWHUSDUWV
1HYHUWKHOHVVIXUWKHULQFUHDVHRIILEHUFRQWHQWEH\RQGKDGQRHIIHFWRQUHGXFLQJWKHFUDWHUGLDPHWHUDVGLDPHWHU
RIWKHFUDWHUWHQGVWRUHPDLQFRQVWDQWZLWKLQDQGRIILEHUFRQWHQW





ORVV VLJQLILFDQWO\ 7KXV LPSOHPHQWDWLRQ RI 8+3)5& PD\ UHVXOW LQ KLJKO\ UHVLVWDQW FRQFUHWH HOHPHQWV VXFK DV




UHVSHFW WR LPSDFW ORDGLQJ $VVHVVPHQW RI WKH UHVLGXDO HQHUJ\ RI WKH SURMHFWLOH DIWHU QRQGHIRUPDEOH SURMHFWLOH
SHUIRUDWLRQWKURXJKWKHXOWUDWKLQPP8+3)5&VODELVDOVRGHVLUDEOH






























VWXG\ LQ RUGHU WR SUHYHQWPRYHPHQW RI WKH VSHFLPHQGXULQJ LPSDFW ORDGLQJ7KH IL[WXUHZDV SURYLGHGZLWK IRXU






















































16&± IURQWVLGH 16&± EDFN VLGH
)5&± IURQWVLGH )5&± EDFN VLGH
8+3&± IURQWVLGH 8+3&± EDFN VLGH
8+3)5&± IURQWVLGH 8+3)5&± EDFN VLGH
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